Amputation risk and survival after embolectomy for acute arterial ischaemia. Time trends in a defined Swedish population  by Ljungman, Christer et al.
Eur J Vasc Endovasc Surg 11, 176-182 (1996) 
Amputation Risk and Survival after Embolectomy for Acute Arterial 
Ischaemia. Time Trends in a Defined Swedish Population 
Christer Ljungman 1'2, Lars Holmberg 1'2, David Bergqvist ~, Reinhold Bergstr~m 3 and 
Hans-Olov Adami 2'4 
1 2 3 Department of Surgery and Cancer Epidemiology, Uppsala University Hospital, Uppsala, Department of Statistics, 
4 Uppsala University, Uppsala, Sweden and Department of Epidemiology, Harvard School of Public Health, Boston, 
MA, U.S.A. 
Objectives: To assess the outcome of embolectomy over an I9 year period. 
Methods: Time trends in the outcome of acute arterial thrombo-embolectomy f the extremities were analysed in a 
population-based cohort of 1190 patients operated on between 1965-83. 
Results: A total of 262 (22%) initial amputations were performed. The limb salvage rates at 5 years postoperatively were 
lower between 1975-79 (61%) than between 1965-69 (81%). A proportional hazards model revealed a relative hazard (RH) 
of amputation of2.2 (95% confidence interval (CI) 1.3-3.3)for 1975-79 compared with 1965-69. Operation at any district 
hospital entailed a70% higher isk of amputation (RH 1.7; 95% CI 1.3-2.5) compared with the University hospital. The 
relative survival rates at 5 years postoperatively decreased towards the end of the study period (33% between 1975-79 
compared with 43% between 1965-69). Younger age-groups had a considerably lower isk of death in the University 
hospital compared with the county and district hospitals. 
Conclusion: Contrary to the results in other hospital based reports no improvement i  amputation orsurvival rates ince 
1965 could be demonstrated in this large series with no patient selection. 
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Introduction 
Acute arterial ischaemia of the lower extremity is 
associated with a 20-40% risk of limb loss in most 
published series. 1-3 Generally the postoperative mor- 
tality rate ranges from 12-48%. 4-6 However, centres 
with a particular interest in vascular surgery usually 
report better results; namely an amputation rate of 
8-15% and a mortality rate of 12-15% and claim that 
selective management of thrombosis and embolism is 
imperative for a beneficial result. 7"8 In recent publica- 
tions there seems to be agreement that the prognosis 
has improved over the last 25 years, although quanti- 
tative methods for studying time trends have never 
been applied to support his claim. 1'9-11 
T/his retrospective study was undertaken to test the 
hypothesis that limb salvage after surgery for acute 
arterial occlusion has improved over the years 
1965-1983. This time period coincided with the rapid 
development and spread of vascular surgerj6 and of 
anaesthesia and intensive care in Sweden. 12 
Please address all correspondence to: C. Ljungman, Department of 
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Subjects and Methods 
The cohort 
The data used in this study were obtained from the In- 
Patient Register, a computerised population-based 
register maintained by the Swedish National Board of 
Health and Welfare (NBHW). The register eceives 
annual reports on all hospital admissions and dis- 
charges in the Uppsala health care region which in 
1970 comprised a population of 1.3 million. In-patient 
medical care was provided at ten district hospitals 
(with primary surgical care for 30000 to 80000 
inhabitants), five county hospitals (which are referral 
hospitals for this latter category and provide surgical 
care for 120000 to 250000 inhabitants) and the 
University hospital in Uppsala (which serves as a 
referral hospital for the entire health care region). The 
University hospital in Uppsala established a team 
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specialising in vascular surgery in 1970. Trained 
vascular surgeons tarted to serve in county hospitals 
during the period 1975--80. Surgeons trained in vas- 
cular surgery did not serve in district hospitals during 
the study period. 
The In-Patient Register contains data on domicile, 
dates of admission and discharge, hospital depart- 
ment of admission, diagnosis and operations. The 
diagnoses are codified according to the Swedish 
revision of the International Classification of Diseases 
(ICD) (NBHW 1979), and the surgical procedures are 
codified according to the classification by the National 
Board of Health and Welfare (NBHW 1965 and 1973). 
The In-Patient Register represents almost complete 
reporting of all hospital admissions in the Uppsala 
health care region.lBBecause of underreporting, the 
data from three counties for four specific years were 
omitted from the data analyses. 14 The excluded data 
comprised 4% of the total "person-years" for all 
admissions in the region during the study period. 
All first admissions during the period 1965 through 
1983 with a discharge diagnosis of acute occlusion of 
the aorta or of an upper or lower extremity artery were 
compiled from the register as outlined previously. 14 A 
total of 1190 individuals (648 females and 542 males) 
were identified. All amputations above the metatarsal 
and metacarpal levels performed after the date of 
embolectomy were identified, i.e. Symes amputation, 
below-knee amputation, knee exarticulation, femoral 
amputation, antebrachial mputation, brachial ampu- 
tation and shoulder exarticulation. The first major 
amputation--above the ankle or wr ist - -was defined 
as the end-point. The dates of death were ascertained 
up to 1984 by record linkage with the Swedish Causes 
of Death Register. 15 The In-Patient Register data were 
available up to 31 December 1983 and this date is 
therefore the last date of follow-up of amputation 
data. 
The register data were found to be correct in 96.2% 
of a sample of 366 patients of the cohort when 
compared with hospital record data. 16 To validate the 
date for patients who underwent amputation more 
than 30 days after embolectomy, a check was made on 
a random 25% sample of these patients. The side of the 
amputation accorded with that of the embolectomy in 
79% of the cases, whereas amputations performed 
within 30 days after the embolectomy accorded with 
the side of the embolectomy in 99%. 
Diagnosis 
Attempts were made to retrospectively distinguish 
between arterial thrombosis and embolism. The occlu- 
sive event was considered to be embolic if there was 
evidence of sudden onset of ischaemic symptoms, if a 
source of embolism was identified and if the operating 
surgeon identified embolic material (older organised 
thrombotic lots). The occlusion was categorised as 
thrombotic if the patient had a history of previously 
known ischaemic symptoms of claudication and or 
ischaemic rest pain or ulceration or distal gangrene 
without a possible source of embolism. Occlusions 
that did not satisfy any of these criteria were con- 
sidered to be of indeterminant origin. Given these 
criteria 52% of the occlusions were judged to be 
caused by embolism, 35% were caused by thrombosis 
and 13% were indeterminable. The relative proportion 
of embolism decreased during the study period 
though not significantly. 
Angiography was performed pre- and postoper- 
atively in 88% of the cases and no significant ime- 
trend was observed uring the study period. In less 
than 3% of the thrombembolectomy procedures an 
additional vascular procedure was carried out within 
30 days postoperatively. 
Statistical nalyses 
The 19-year period under study was divided into four 
intervals 1965-1969, 1970-1974, 1975-1979 and 
1980-1983. Age at diagnosis was categorised into < 50, 
50-59, 60-69, 70-79 and 80 + years. The effect of the 
level of surgical care was evaluated by comparison 
between the district hospitals, the county hospitals 
and the University hospital in Uppsala. 
The observed survival rates and the limb survival 
rates were calculated by the actuarial (life-table) 
method. Differences between groups were analysed 
by the log-rank test. The disease specific survival was 
estimated by computing the relative survival, i.e. the 
ratio of the observed to the expected ratesF The 
expected survival rates were calculated from life- 
tables compiled according to sex, 5 year age group and 
5 year calendar period for the total population of 
Sweden. The analysis of amputation and death with- 
out previous amputation is a competing risks estima- 
tion. In the uni- and multivariate analysis of these end- 
points and of the aggregated end-point amputation or 
death, the Cox proportional hazards model was 
used. 18 
The analysis of relative survival was based on 
grouped annual data and assumed that the total death 
hazard h(t) can be expressed as the sum of the general 
hazard and a disease-specific hazard. 19 The disease- 
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specific hazard was assumed to depend on the 
explanatory variables in a multiplicative way. On the 
basis of an assumption of binomial probabilities, 
maximum likelihood (ML) estimates were obtained by 
the GLIM system using individual link functions. The 
deviance was used as the goodness-of-fit measure. 




Out of the cohort of 1190, the total number of initial 
amputations was 262. During the entire period of 
follow-up 95 men (17.5%) underwent one major 
amputation after their first embolectomy for an acute 
arterial occlusion; in 27 (5.0%) two amputations were 
performed and in six (1.1%) three amputations. 
Among the 648 women the corresponding figures 
were 113 (17.4%), 16 (2.5%) and five (0.8%) respec- 
tively. Femoral amputation was performed in 62.5% of 
the 128 males, and below-knee amputation i 32%. Of 
the 134 women 73.1% had femoral amputation and 
23.1% amputation below the knee. Only five males 
and one female underwent amputation on the upper 
extremity. 
The life-table analyses howed that the limb-salvage 
rate was not significantly (p = 0.16) higher in females 
than in males (Fig. 1). This rate stabilised as early as 6 
months after the first operation (embolectomy or 
thrombectomy) at 65% in males and 69% in females. 
Analyses by period of diagnosis revealed a markedly 
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Fig. 1. Limb survival rate after operation for acute arterial occlusion 
in the Uppsala health care region, Sweden, 1965-83 by gender. 
Numbers = number at risk at each time interval. (- - -) females; ( - - )  
males. 
higher amputation rate in more recent years with limb 
salvage rates of 81% 1965-69, 74% (1970-74), 61% 
(1975-79) and 65% (1980-83) 6 months after the first 
embolectomy (Fig. 2). The limb-salvage rates dropped 
markedly during the first few postoperative days; 
hence 15% of all patients underwent amputation 
within the first week postoperatively (Fig. 3). 
To obtain further quantitative estimates of the risk 
of amputation in relation to time periods and other 
determinants of amputation, the data were fitted to 
proportional hazards models. The number of patients 
available for analysis with these models was reduced 
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Fig. 2. Limb survival rate after operation for acute arterial occlusion 
in the Uppsala health care region, Sweden, by period of diagnosis. 
Numbers = number at risk at each time interval. ( - - )1965~9,  ( - - )  
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Fig. 3. Limb survival rate during the first postoperative month after 
operation for acute arterial occlusion in the Uppsala health care 
region, Sweden, by period of diagnosis. Numbers = number at risk 
at each time interval. (- -)1965-69, ( - - )  1970-74; (- - -) 1975-79; (....) 
1980-83. 
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Table 1. Relative hazard (RH) in univariate models for the end- 
point amputation, with 95% confidence intervals (CI) for different 




n RH 95%CI 
Time period 
1965-69 163 1.0 Ref. 
1970-74 231 1.4 0.9-2.4 
1975-79 399 2.2 1.3-3.3 
1980-83 391 1.6 1.0-2.5 
Hospital 
University 837 1.0 Ref. 
County 229 1.1 0.8--1.6 
District 118 1.7 1.2-2.5 
Age group, years 
<50 102 0.4 0.1-1.3 
50-59 197 0.9 0.4-1.7 
60-69 433 1.0 Ref. 
70-79 268 1.5 1.0-2.2 
>80 184 1.7 1.1-2.5 
n=1184. No. of amputees=225. 
of amputation; thus the total number of patients 
available for analysis was 1184. In a univariate model, 
the period 1975-79 showed a significantly higher 
amputation risk, (RH = 2.2; 95% CI 1.3-3.3) than the 
period 1965-69 (Table 1). Operation at a district 
hospital entailed a 70% higher risk of amputation (RH 
1.7; 95% CI 1.2-2.5) compared with the county and 
university hospitals. An age-dependent i crease in the 
risk of limb loss was also noted, with a four-times 
higher risk in patients 80 years of age at operation 
compared with those who were younger than 50 
(Table 1). Multivariate analyses of the amputation risk 
with mutual adjustment for age and for different 
levels of surgical care confirmed the increased relative 
hazard during 1975-79 compared with 1965-69 
(RH = 1.9; 95% CI 1.2-2.9). The substantially (approx- 
imately 60%) higher risk of amputation among 
patients operated on at the district hospitals was also 
confirmed (RH = 1.6; 95% CI 1.1-2.2), as was the age 
dependency of the risk (Table 1). 
A substantial number of patients, (about 15%) were 
at risk of amputation for only a short time, as they 
succumbed in the early postoperative period (within 
30 days). Among patients who underwent amputation 
postoperativel)5 37% died within 30 days after the 
date of admission, compared with 30% among those 
without amputation. When the risk of death without 
prior amputation was evaluated in a multivariate 
model, the relative risks during subsequent time- 
periods were similar to the univariate stimates, 1.0, 
0.8, 1.0 and 0.8 respectively (Table 1). Thus the 
amputation estimates were not confounded by early 
postoperative death. The risk of death or amputation 
was lower in the county hospitals than in the 
University hospital (RH = 0.8; 95% CI 0.7-0.9). An age- 
dependent increase in the risk was found in the three 
different multivariate models. 
100 
The relative survival rates after 4 years were 43% 
(1965-69), 45% (1970-74), 33% (1975-79) and 37% 
(1980-83). Eight years postoperatively the differences 
between these rates were further increased (Fig. 4). 
The postoperative survival rates were lower among 
the patients treated in the district hospitals than in 
those in the University hospital. There was no statisti- 
cally significant difference between survival rates in 
the University and county hospitals (Fig. 5). Analysis 
of relative survival by age on hospital admission 
showed decreasing rates with increasing age, the five 
years survival rate being 86% in the age group below 
50 years and 31% in the group above 80. As the 
relative survival rate adjusts for the expected mortal- 
ity as derived from the background population, these 
figures indicate a much higher excess death rate in 
older than in younger patients. The patients in the 
district hospitals admitted in the period 1970-74 
showed a relative survival rate of 24% five years 
postoperatively compared with 37% in those admitted 
in 1965-69. The patients in the University and county 
hospitals, on the other hand, had better 5 year relative 
survival rates, in 1970-74 than in 1965-69 (44 and 60% 
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Fig. 4. Relative survival rate after operation for acute arterial 
occlusions in the Uppsala health care region by period of diagnosis. 
(@) 1965--69; (C)) 1970-74; (@) 1975--79; (~) 1980-83. 
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respectively for the latter). In the county hospitals the 
relative survival rate dropped to 25% in 1975-79. 
Multivariate analysis of relative survival was based 
on the first 5 years of follow-up, as the number of 
patients with a longer follow-up was small. The fit of 
various multivariate models improved significantly 
when follow-up year, age on hospital admission and 
time period were successively introduced. In the full 
multivariate model  follow-up year had a strong 
effect, with a considerable reduction of the risk after 
the first year (data not shown). There was no sig- 
nificant difference in relative survival between the 
four consecutive time periods. The effect of age was 
strong and there was a significantly lower death risk 
in the county hospitals than in the other two groups of 
hospitals (RH 0.7; 95% CI 0.6-0.9). 
The separate hospital categories displayed similar 
effects of follow-up year. All time-period effects were 
non-significant, but the emerging pattern was quite 
different in the three cases. The effects of age differed 
clearly between the University hospital and the other 
two hospital categories. The risk reduction at younger 
ages was substantially greater in the university hospi- 
tal than in the district and county hospitals. No 
interaction effects were significant in the stratified 
models, which means that the estimated parameters 
should give a reliable picture of the data. 
Discussion 
This study was conducted by use of a population- 






0 1 2 3 4 5 
Years of follow-up 
Fig. s. Relative survival rate after operation for acute arterial 
occlusion i the Uppsala health care region by hospital category. (0) 
University; (©) county; (&) district. 
register have been assessed and discussed in detail in 
recent publications. 14'16 Register data on the amputa- 
tion date accorded with the patients' records in 98% of 
a 25% sample of the amputees. Beyond 30 days after 
the embolectomy the side of the amputation disagreed 
with the side of the embolectomy in 20% of the cases, 
as stated above, but this inaccuracy was considered to 
be of minor importance since the majority'(80%) of the 
amputations were performed within 30 days of the 
embolectomy. The validity of the register data showed 
no discord between different ime periods. Hence the 
differences in the rates of amputation between time 
periods were not likely to have been biased by trends 
in the completeness or validity of reporting to the 
register. An advantage of the study design was that all 
levels of referral were covered. 
Early death and early amputation are competing 
events. It is conceivable that, the risk of early 
postoperative death might have decreased in recent 
time periods as a result of improved perioperative 
care. Such a trend might have confounded the 
comparison between time periods if more patients 
who were at high risk of amputation had survived in 
recent years. However multivariate analysis revealed 
similar estimates as the univariate analysis of amputa- 
tion. Thus the univariate estimates were not con- 
founded by early postoperative death. 
Limb survival and relative survival decreased pro- 
gressively from the period 1965-69 to 1975-79, 
whereas only minor changes were noted between the 
periods 1975-79 and 1980-83. Lower limb salvage 
rates were found in district hospitals than in county 
hospitals and the University hospital. However, the 
end-point amputation or death did not differ sig- 
nificantly among the three hospital categories. A 
markedly increasing risk of limb-loss and of death was 
observed with increasing age on admission. The 
increase in the amputation rates over the studied time- 
period does not seem to be explainable by confound- 
ing due to increasing numbers of people in older age 
groups during the later time periods or to a reduced 
postoperative mortality in recent years, since the risk 
estimates remained virtually unchanged in the multi- 
variate analysis. A shift from embolism due to 
valvular heart disease to thrombosis in an arterioscle- 
rotic artery as the main source of acute arterial 
occlusion has been reported. 2°'21 We also found this 
trend although it did not reach significance. 
We have to consider the possibility that the quality 
of the surgical care of the patients may have deterio- 
rated over the study period. The higher amputation 
rates in the district hospitals are compatible with this 
assumption. In the district hospitals less experienced 
surgeons with limited training serve as first on call 
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Table 2. Relative survival analysis. Multivariate model: relative hazard (RH) of the end-point death, with 95% confidence interval (CI) for 
different time periods, hospital categories and age groups during the period 1965--83 
Hospital category 
All hospitals University hospital County hospitals District hospitals 
RH 95% CI RH 95% CI RH 95% CI RH 95% CI 
Time period 
1965-69 1.0 Ref. 1.0 Ref. 1.0 Ref. 1.0 Ref. 
1970-74 0.8 0.6-1.1 0.9 0.5-1.5 0.7 0.4-1.1 1.0 0.6-1.8 
1975-79 1.1 0.8-1.4 1.0 0.6-1.7 1.4 0.9-2.0 0.7 0.4-1.1 
1980-83 0.9 0.7-1.2 0.8 0.5-1.4 0.8 0.5-1.2 1.2 0.7-2.1 
Age group 
--49 0.1 0.0~.3 0.0 0.0~.2 0.2 0.0~.7 0.2 0.1-1.1 
50-59 0.4 0.2-0.6 0.2 0.14.4 0.5 0.3-1.0 0.4 0.2_~.9 
60-69 0.6 0.5-0.8 0.4 0.2-0.6 0.8 0.5-1.2 0.7 0.4-1.1 
70-79 0.8 0.7-1.0 0.6 0.4--0.9 1.0 0.7-1.4 0.8 0.6-1.2 
80- 1.0 Ref. 1.0 Ref. 1.0 Ref. 1.0 Ref. 
Hospital category 
University 1.0 Ref. 
County 0.7 0.6-0.9 
District 1.0 0.8-1.2 
Continuous variable 
Time period 0.9 0.8-1.1 1.0 0.8-1.1 1.1 0.9-1.3 
Age (per age group) 0.5 0.54.6 0.8 0.74.9 0.8 0.74.9 
n=1190,887 deaths. 
and take primary care of the emergency patients. It is 
possible, therefore, that limbs with critical ischaemia 
subjected to embolectomy could explain the higher 
amputation risk in the district hospitals. This inter- 
pretation is supported by findings from a prospective 
register study of vascular surgery in the southern 
health care region in Sweden. In this study district 
hospitals with surgeons performing less than 20 
vascular procedures per year showed suboptimal 30 
day results when operating on limbs with acute 
arterial ischemia, notably when acute thrombosis was 
the cause. 22 Analyses of the death hazard by age 
groups in this investigation revealed that younger 
age-groups fared better in the university hospital. 
Decreasing amputation and mortality rates in recent 
reports have been interpreted as evidence of a prog- 
nostic improvement over the last 20 years. 1'3'23-24 
However, in most studies of acute arterial occlusion, 
the results have been presented as 30 day amputation 
and mortality rates. Long-term survival after acute 
arterial occlusion has only been evaluated in four 
retrospective studies. 1°'2°'25'26 These studies found 5 
year survival rates between 25 and 35%. Long-term 
limb survival, however, has been investigated in only 
one study, 5 based on a retrospective series of 172 
patients operated in a University hospital 1974-82. 
Using a Kaplan-Meyer estimate, the limb survival rate 
was found to be 70% five years postoperatively. These 
results are within the same range as our findings for 
survival and limb salvage. 
The contradictory results concerning the risk of 
amputation and mortality in different retrospective 
studies are not surprising. Age distribution of the 
patients will have a great impact on the overall result. 
The level of in-patient care, i.e. the surgeons' experi- 
ence in vascular surgery, could also account for the 
discrepancies. Several possible determinants of ampu- 
tation risk and survival are not available for analysis 
in retrospective studies, e.g. changing indications for 
surgery, different therapeutic trends in the use of 
anticoagulants, a decreasing proportion of rheumatic 
valvular heart disease and an increasing prevalence of 
the manifestations of arteriosclerosis. These factors 
need to be considered when studies on temporal 
trends are critically assessed. 
Most importantly, in this population-based study 
without selection bias we found no data to support he 
widespread assumption of a prognostic improvement 
over time for patients treated for acute arterial 
occlusion. Our results emphasise the need for caution 
when making comparisons between hospital-based 
series from different time-periods. Furthermore we 
would like to highlight he advantages of population- 
based studies to retrospectively evaluate the effects of 
different surgical treatments. 
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